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Abstract
Main source of energy fuel in Bangladesh is natural gas and day by day it is trimming the proven reserves. There are 
provisions of potential renewable energy resources like the solar, wind, tidal etc.; but the initiatives are very slow. Coal reserves 
and their prospects could not assure the nation as there are proven coal reserves of about 4,750 Mt (equivalent to 975 GM3 of gas, 
which is around 3 times greater than the present gas reserve in Bangladesh). Those coal reserves are discovered in the North-
Western part of Bangladesh at the depth ranging 200-1100 m. The special feature of the coal seams are found in the same 
geological formation and thickness is high (on average 38-64m).One of the major issues, is the minable amount of the resources 
in conventional mining method. Barapukuria coal mine is under operation since 2005 and running a 250 MW coal fired power 
plant. But the mining method is not yet proven as suitable one, due to jointed layer thick coal seam (51 m) with faulty overburden 
and wider aquifer zone. The underground mining environment is hazardous including high temperature, suffocative humidity and 
releasing of unpredictable carboneus gases from the coal faces which make the life expectancy of this mine questionable. The 
geographical position and climatic conditions of Bangladesh, especially the monsoon rain extends several weeks to months which 
are major setback for economic viability of the open striping mining. The policy makers still could not finalize the national coal 
policy. In this stage the government is stepping up for construction of coal fired power stations run by imported coal. A group of 
skilled and dedicated entrepreneur is seeking the pathways for exploiting unminable coals within a safe engineering framework 
and bringing the global Underground Coal Gasification (UCG) projects under the same umbrella. India, Pakistan, Indonesia, 
Japan even the Vietnam has already joined the cohort. But why not Bangladesh, though they have huge amount of coal reserves 
which are not minable in conventional methods. This paper presents a review on development of this technology, investigates the 
geology and formation of the deposits and seeks suitability of the gasification methods as a sustainable engineering model 
considering social, environmental & economic issues, which may be helpful for fore stepping towards unconventional coal 
extraction activity for combating energy crisis.
© 2015 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of organizing committee of the 6th BSME International Conference on Thermal Engineering 
(ICTE 2014).
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1. Introduction
The coals never been treated as prime choice of energy sources because of hazardous & risky extraction 
procedures as well as environmental pollution. However it is still using as bulk source of energy for electricity 
generation along with adoption of clean coal technologies (such as Fluidized Bed Combustion, Oxy fuel pre-post 
combustion etc.) for keeping minimum level of   Sulphur, Nitrogen Oxides, Carboneus products at the combustion 
stages. Another approach named “coal gasification” is adopted for producing synthesis gas from the coal and using 
as burning fuel or feedstock to chemical products. Underground Coal Gasification (UCG) is a technique, where coal 
gasifier facilities developed within the coal body itself. Plenty of coal reserves exist in Bangladesh, which are not 
suitable for extraction through conventional mining. Meeting up the immense energy demand, Bangladesh may 
consider the UCG for further electricity generation. In this paper we are focusing on prospects of UCG in 
Bangladesh, later on present a holistic approach for identifying issues to welcome the agencies & business partners.
1.1. What is UCG? Is it a new technology? How is it processed ?
UCG (underground coal gasification) has a history of 100 years of efforts & investment; but still is in crippling 
stage, whereas the technological development has been attained in a mature stage for commercial production. UCG 
is a self-contained complex thermo-chemical gasification process conducted in situ coal body [1]. This technology 
originated with German engineer William Siemens in 1860s and later on William Ramsay conducted the successful 
experiment at Durham coalfield in Northern England [2]. Day by day, many organization, scientists group, countries 
and regulating bodies are working for establishing this technology as “clean coal” format. The quality of the UCG 
syngas depends on factors like as; thickness and depth of coal seam, water content, temperature prevails in the 
gasification cavity, injecting charge (air/ Oxygen). Syngas/ synthetic gas refers to mainly CO-H2 (carbon monoxide-
hydrogen) gas mixture. UCG gas composition will vary depending on the purpose and the geological conditions of 
the coal reserves. The overall process can be sub divided into mainly (i) Oxidation, (ii) Gasification and (iii) 
Pyrolysis/de-volatization. For ideal cases the major thermo-chemical reaction processes are described in the Table-1
[3, 4].
Table 1. The reactions involved in coal gasification
Sl.no Chemical Synthesis Reaction Thermodynamic sate
a) Heterogeneous water gas shift reaction 
(Exothermic)
C + H2O = H2 + CO ǻ+ N-PRO
b) Shift conversion (Endothermic) CO + H2O = H2 + CO2 ǻ+ -42.3 kJ / mol
c) Methanation (Endothermic) CO+3H2 = CH4 + H2O ǻ+ -206.0 kJ /mol
d) Hydrogenating gasification (Endothermic) C + 2H2 = CH4 ǻ+ -87.5 kJ /mol
e) Partial oxidation (Endothermic) C + ½O2 = CO ǻ+ -123.1 kJ/ mol
f) Oxidation (Endothermic) C + O2 = CO2 ǻ+ -406.0 kJ /mol
g) Boudouard reaction(Exothermic) C + CO2 = 2CO ǻ+ N-PRO
UCG facilities are constructed within the coal seam. A numbers of vertical wells (injection well, production 
wells, ignition wells etc.) are drilled up to the coal seam and linked up within the coal body through directional 
drilling/hydraulic fracturing for creating scape way of produced gas through production well. Oxidants (air, oxygen 
or steam) are injected to ignite and fuelling the underground combustion process. The high pressure (4-10 bar.) 
combustion is conducted at a temperature of 700–900 °C (1,290–1,650 °F) ; but it may reach up to 1,500 °C (2,730 
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°F). The process decomposes coal and generates carbon dioxide (CO2), hydrogen (H2), carbon monoxide (CO) and 
small quantities of methane (CH4) and hydrogen sulphide (H2S).
1.2 Evolution of UCG Techniques and Modern Practices 
UCG is now treated as a composite engineering, where the operators are now capable of predict the availability 
and reliability of the whole process throughout construction phase, process control & monitor UCG operations along 
with post operation shut down program. The efficiency of the UCG facilities depends on how the vertical wells are 
linked to channels for flow of air mixture considering geo-physical property of the coal body and their surroundings. 
Former Soviet Union (FSU) had established commercial plants and designed linking patterns for gasification 
chambers depending on coal geology, dip angle of the seam, forward/counter current direction of injected air flow, 
flow pattern of the product gas towards production well etc. The implementation of the oil & gas technology along 
with computation methods, remote sensing and data acquisition facilities contributed for up gradation of this 
industry. 
There are various methods for linking the wells such as LVW (linked vertical wells) through hydraulic fracturing, 
horizontal drilling, reverse combustion, electrical-linkage etc. Controlled Retractable Injection Point (CRIP) method 
(developed by Lawrence Livermore National Laboratory, USA in1970) is proven techniques where the wells are 
inter-connected by 
directional drilling through 
the coal seam. Coiled tubing 
burns through the horizontal 
tunnel borehole casing, 
oxygen and steam are forced 
through the point to ignite 
the coal. The movable 
injection point begins the 
burn near the production 
well. When the first burn 
expires, a second burn is 
initiated closer to the 
injection well. This 
procedure continues until the 
seam is burned out. The 
CRIP process retracts the 
combined steam and oxygen 
injection point to control the 
location of the combustion 
front[1, 5] .                                Figure-1 : UCG process with Controlled Retracting Injection Point (CRIP) method for keyseam®  [6]
A typical UCG operation using CRIP method is presented in the Figure -1.Carbon Energy, Australia developed 
and validated their proprietary UCG technology keyseam® UCG ,  through joint venture program  with  
Commonwealth Scientific and Industrial Research Organization (CSIRO), Australia, for 10 years of research and 5 
years of in-field trials & development. They have successfully demonstrated the keyseam® UCG technology by 
proving automation of its Controlled Retractable Injection Point (CRIP) technology. Another propriety technique is 
ܭUCG™, developed by Ergo Exergy Technologies Inc. (Ergo Exergy) of Canada. Single Well Flow Tubing (SWIFT)
technology, developed by Portman Energy, is another technological development, where a single vertical well used 
for both injecting oxidants and delivery of Syngas [7].
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The Angren UCG facilities (currently belongs to Uzbekistan) is the only running plant since 1960; but their
practice and procedures are not up to the mark [8]. North America, EU, China, Russia conducted joint venture 
feasibility study with the research organizations. Australian state government funded UCG program (Carbon Energy 
and CSIRO at Dalby, 5MW Power Station) was a great initiatives for standard practices. Another successful 
operation of Chinchilla pilot project is treated as western world’s ground breaking achievement in UCG for 
controlling process & shut down practices as well as validation of numerical results scientifically. A number of tools 
are available to verify modelled predictions, monitor the UCG process and to detect any changes in the gasification 
environment such as water influx, less flow of air charge etc. Linc Energy, Australia demonstrated their modern 
practices in Chinchilla project (with 100% availability, 1999-2002 ) for integrated power generation program had 
been run for 12 years , operated 5 successive UCG activity, running of GTL(gas to liquid) plant.  But unfortunately 
UCG industry falls behind the race while Coal Seam Gas (CSG) industry is in booming state and the state 
government sets up a threshold barrier for further progression of  UCG commercial operation in Australia [9, 10].
1.3 UCG Projects Around the Globe
Many countries conducted several attempts and pilot projects for demonstrating their capabilities on UCG 
operation for controlling the process efficiently and minimizing environmental impact since 1940. USA showed 
huge interest in 1970's -1980's and Europe, China followed by 1990s. USA government instituted more than 30 
UHVHDUFKSURMHFWVDQG8&*WULDOV+DQQDǿǿǿǿǿǿ	ǿ9DQG7KH5RFN\0RXQWDLQ- ǿGHPRQVWUDWHGWKHJDVLILFDWLRQRI
about 30,000 tons of coal [2]. Development initiatives and licenses issued to exploit UCG in South Africa, South 
America, the UK, New Zealand, Vietnam, India, Indonesia and other areas. China conducted number of programs, 
along with different approach for developing the UCG facilities in the exploited u/g coal miner’s goaf areas. The 
Thar project in Pakistan is a huge potential UCG project and they have already achieved capabilities for commercial 
production [10]. Among the running activities, potential UCG projects are summarized in the Table-2.
Table 2. Current UCG program and activities around the Globe
Country UCG Activity
USA Lawrence Livermore  recently conducted two large projects in Washington and Wyoming 
and their Cook Inlet project in Alaska is going to commercial production in 2015.
Canada : x Swan Hills Synfuels ltd. is developing deep seated UCG operation, Alberta, Canada.
x Laurus Energy (technology provider Ergo Exergy ) received permit UCG project in 
3DUNODQG&RXQW\$OEHUWD(UJR([HUJ\¶VSURSULHW\İ8CG™ Technology and expertise 
was also recognized by Canadian regulators, offering them the appropriate confidence 
to permit this project for Canada.
x Clean Coal Ltd.(UK) and  Stealth Ventures Ltd. working in Nova Scotia  UCG project.
Chile : Carbon Energy, Australia and Antofagasta Minerals   jointly working for developing UCG 
project in Mulpun.
Argentina : Carbon Energy, Australia and Delmo Group ltd. going on join venture commercial scale 
UCG project. Carbon Energy is providing keyseam® technology and related services.
Uzbekistan : Linc Energy and Yerostigaz  joint venture UCG operation producing  about 1 million cubic 
meters (35 m cft.) of syngas per day in Angren. This is only running plant since 1960.
South : Eskom Holdings ltd , Ergo Energy and  Sasol New Energy ltd. are collectively working in 
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Country UCG Activity
Africa 0RMXED8&*SODQW(UJR([HUJ\
V SURSULHWDU\ İ8&*   WHFKQRORJ\ LV DGRSWHG IRU8&*
operation to generate apx.1,200 MWe of electricity. Their commercial operation will start 
soon.
European
Union
: x Wild horse Energy conducting the most advanced European UCG program in Hungary.
x German UCG Research Program ; EU funded deep seated UCG program with carbon 
capture, Aachen University, DM, Germany.
x Spanish Trial Pilot Project ; EU funded trial finished in 1998,  R & D continues.
Australia-
New-
Zealand
: x Cougar Energy, Linc Energy and Carbon Energy( join venture with CSIRO), Australia  
are the renowned UCG technology provider in global context. They had successfully 
conducted the pilot programs in Kingaroy, Chinchilla and Bloodwood creek projects. 
However their program is stalling due to booming of CSG operation.
x Ergo Exergy and Solid Energy conducted pre-feasibility studies of the Huntly coal field 
of North Island, New Zealand. Ergo Exergy's propULHWDU\ İ8&*   WHFKQRORJ\ LV
adopted for UCG pilot program to deliver approximately 5,000Nm3/hr for research & 
development purpose.
China : x Zhengzhou Coal Industry Group Co Ltd and Carbon Energy, Australia; under taken a 
join venture UCG project in Inner Mongolia, China.
x ENN group conducted pilot project and planning for expansion of UCG project.
Pakistan : Cougar Energy is developing the Thar project in Pakistan since 2007 adopting the Ergo 
([HUJ\
VSURSULHWDU\İ8&*WHFKQRORJ\IRU0:HOHFWULFLW\generation.
India : Abhijeet, India, AE Coal Technologies Ltd making efforts to obtain the block for conducting 
LW¶VILUVWİ8&*GHYHORSPHQWLQWKH.DLWKDFRDOEORFNVLWXDWHGLQ5DPJDUKGLVWULFW
Vietnam : Link Energy, Australia; is working in Vietnam in Red River Delta project (included 2 
projects) for developing the capabilities for further commercial development.   
Indonesia : Carbon Energy, Australia is working in Indonesia for developing the capabilities for further 
commercial development.   
Bangladesh : x Abhijeet Group, Indian, Silicon Tech, has proposed to develop UCG facilities in the 
Jamalganj coal mine in Joypurhat and to install a power plant under a joint venture with 
Petrobangla[11] .
x Clean Coal Limited, USA proposed to produce 5,000 megawatts power by using 
underground coal gasification (UCG) technology at Jamalganj [12].
1.4Why Should Bangladesh Step Ahead for Developing UCG Project? 
It is recognized in global perspectives that UCG is economically viable and a sustainable engineering approach 
for Integrated Gasification Combined Cycle (IGCC) power generation. Barapukuria Coal Mine operation was 
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interrupted from technical problems and surface subsidence. Further extraction of long wall slices would be more 
difficult with obvious subsidence. An alternative study conducted on Barapukuria coal mine for further provision of 
open pit mining. But water modelling prediction suggested for dewatering of 344 million m3 of incoming water and 
subsequent water management program [13]. This water hazard may be out of control in the rainy season. 
Considering these hazardous factors, it is very difficult to stepping for further open pit mining. The discovered coal 
reserves and their present status can be found in the following Table-3.
Table 3. Major coal fields and reserves in Bangladesh
Coal field Thicknes
s (av.), m
Depths of coal 
seam ( m)
No. of coal 
seam
Reserve
(m. ton)
Status
Jamalganj
(Kuchma ,Bogra)
64.0 m 640-1158 7 1053 Mining not feasible 
economically
Barapukuria 
(Dinajpur)
51.0 m 118-506 6 303 Underground mine  started 
production
Khalaspir
(Rangpur)
50.0 m 257-451 8 147 Undeveloped
Dighipara 
(Dinajpur)
61.0 m 250 7 200 Undeveloped
Phulbari
(Dinajpur)
38.4 m 152-246 1 380 Open pit mine feasibility 
study undertaken in 2004
Two other coal-bearing basins are known (Nawabgonj and Dangapara), but have undefined reserves. Four coal 
reserves (Badargonj, Osmanpur, Burirdoba and Shimnagar) in Gondwana basins have been identified but are not yet 
known to host coal measures. The geological condition, depth of deposit, environment and ecological impacts in 
respect of return and cost effective operation are considered for choosing coal extraction method. The 
unconventional methods for exploiting coal energy as : (1) Coal Seam Gas (CSG) / Coal Bed Methane (CBM) 
operation, (2) Underground Coal Gasification (UCG), (3) Biotechnology in coal reserve ( R & D stage), (4) 
Borehole Mining (research stage) etc. Among other unconventional coal extraction method, UCG can be chosen as 
alternative energy extraction method for above coal deposits. Coupling of gasification process to power generation,  
especially deep seated coal seams of Jamalganj, where environmental issues like the ground water contamination, 
subsidence can be omitted/ minimized.
1.5 Potential Environmental Issues on Water, Land Surface Subsidence
UCG is treated as clean coal technology and best practicing of UCG technology can be the cleanest coal usage 
for power generation which will keep the minimum level of deadly Sulphur and Nitrogen oxides, GHG emission, 
solid waste etc. This can be achieved through implementation of best practices and sophisticated engineering for 
process control and operational efficiency. The gasification cavities of the coal seams are sources of gaseous and 
liquid pollutants and they constitute some environmental risks to groundwater in the adjacent strata. Deeper seams 
are less likely to be linked with aquifers and reduced probability of contamination with pyrolysis products. The EU 
are working on exploiting their deep seated coal deposits in a composite manner like Integrated Coal Gasification -
Combined Cycle Power Plant and post Carbon Capture & Storage within in-situ coal cavity, which is modelled as 
optimization of coal resources. The physic-chemical interactions of UCG process changes the natural stress state in 
the surrounding rock mass, influencing in contaminants formations in the UCG reactor and through the surrounding 
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ground, as well as inducing potential subsidence and pollutions of the groundwater, surface water. Subsidence is a 
major problem for shallow depth coal gasification activity , which decreases with increasing of depth.
1.6 The Regulations Around the World Regarding  UCG Development 
For commercialization of UCG, the legislative issues needed to be addressed properly. Regulatory issues became 
a vital factor for some of the UCG projects hampered by a lack of suitable regulations such as Pakistan, South 
Africa,  where legislation and permitting for UCG is not catered for in existing acts and legislation. On the other 
hand in Alberta, Canada where a good regulatory framework exists for ISCG (in-situ coal gasification) or UCG is 
provided by the Energy Resources Conservation Board (ERCB) of Alberta. The pilot project is completed and are 
planning to establish a commercial project. In Australia the Queensland state government had formed an 
Independent Scientific Panel for further steps on commercial UCG operation. That technical committee also 
recommended for establishing two new entities for supporting the UCG industry as: (1) Queensland UCG 
Independent Assessment, Evaluation and Advisory Group and (2) The Queensland UCG R&D Network.
2. Identified Issues for Stepping to UCG
2.1. Major Considerations compared to Others
An independent technical review on “ Coal-bed Methane (CBM) and Underground Coal Gasification (UCG) 
potential in Bangladesh” conducted by mining geologist Mark Muller, presented a real life facts figure about coal 
energy in 2009, but situation remained unchanged till dated[14]. Bangladesh is planning for constructing coal based 
power station running with imported coal, whereas extraction of the own coal resource remain a neglected option. In 
the USA, most of the pilot projects and studies were conducted jointly with U.S Department of Energy and 
Lawrence Livermore National Laboratory are hatching the technological development for global perspectives. 
Before opening the chapter for UCG development with the help of global organization, Bangladesh must have to do 
homework on their own resources for achieving bargaining capacity with facts figure within the expert groups. The
scenario for coal deposits in Bangladesh is quite different from other areas. It is presented in the Figure-2 in respect 
of mean thickness and position below the surface level. It is needed to extensive study and research through 
numerical modelling, laboratory simulations considering the identified issues mainly (i) Thickness of the coal seam, 
(ii) Bituminous Coal, 
(iii) Long column of 
water bearing aquifer, 
(iv) Strength & 
Hardness of the 
host/cap rock, (v) 
Surface subsidence , 
(v) Purpose of usages 
and choosing of 
operational method etc. 
Bangladesh may take 
initiatives for 
developing UCG 
within the framework 
of one pilot project for 
achieving competency 
in the identified issues 
as follows.                                 
                                                             Figure-2: Comparative presentation of UCG coal seams targeted for global perspectives
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2.2 Bird’s Eye View on Coal Geology of Bangladesh
Coal is a sedimentary rock composed of lithified plant materials, with small amount of inorganic impurities, 
(formed 100-400 Million years ago) and their quality depends on the formation process, temperature, pressure as 
well as materials, where geological condition plays the main role. Geological formation of the overburden is the 
main consideration for further progression of UCG activity in Bangladesh. The geological evolution of Bangladesh 
is mainly related to uplift of the Himalayan Mountains, rapid subsidence and sinking, evolution of sedimentary 
basins through formation of the Bengal delta. The Permian sediments in most parts of the world are rich in coal 
because of the favorable coal forming condition.  The Gondwana Group of Permian age is the oldest sedimentary 
unit in Bangladesh. It rests un-conformably on the Precambrian Crystalline basement. The Gondwana Group is 
composed of hard sandstone with some inhibited coal and shale layers. The Group is about 1000m thick and is 
found in fault bounded Graben basins. Major bituminous coal deposits are located in Rangpur and Dinajpur districts 
because of the occurrence of Permian Sediments in the fault bounded graben basin above the Precambrian basement. 
The evolution and formation of the basins (having coal deposits) can be understand through study on Plate Tectonic 
Theory. The tectonic map of Bangladesh is divided into two major tectonic units and a minor transition zones as: (1) 
Stable Pre-Cambrian Platform ,(2)  Geosynclinal basin and  (3) Palaeo continental slope called the hinge zone. The 
general structure of the fault geometry can be described as Horts-Saddle-Graben in the Figure-3. Bogra Shelf, a part 
of the Stable Pre-Cambrian platform, represents the southern slope of the Rangpur Saddle. The width of Bogra Shelf 
varies from 60-125 km up to the Hinge Zone and the thickness of the overlying sedimentary sequence increases 
towards the southeast. It is a regional monocline plunging gently southeast towards the Hinge Zone [16].The Bengal 
Basin contain Permian age sedimentary rocks like as Gondwana, Rajmahal, Tura, Jaintia and Surma Groups, Dupi 
Tila and Madhupur Clay Formations lying over the basement. The sedimentary rocks are found as 120 m to 3000m 
thick above the Pre-Cambrian platform region which includes Rajshahi, Bogra, Rangpur and Dinajpur areas. It is 
sub-divided into (i) Northern Rangpur Saddle with a very shallow Precambrian basement (130 to 1,000m) and (ii) 
Southern Bogra Shelf with a Basement at moderate depth (1 to 6 km). In the Rangpur Saddle the basement is 
uplifted and is covered with thin 
sedimentary deposits. Maddhapara 
Granite Mine (adjacent to Barapukuria 
Coal Mine) falls in this area where the 
basement is only 130m below the 
ground surface. It is overlain by 
sedimentary rocks of Plio-Pliestocene 
age like as Dupi Tila Sandstone and 
Madhupur Clay. The top of the 
basement at the Rangpur Saddle 
exhibits a good degree of flatness and 
slopes in all directions. The basement 
has suffered intense faulting [17].                               
                                                                                Figure-3 : General structure of the Fault Geometry of NW Bangladesh[15]
2.3 Structural Integrity of Capping Rock 
Host rock and coal can be created through same sort of geological forces. The coal deposits may overlain by 
permeable sedimentary rock formation. However the faults and discontinuity in the coal seam can provoke linkage 
of aquifer to the UCG cavities. Tectonic activity can create faults and fractures through which UCG gas may escape 
or water inflow towards reaction zone. High temperature cause thermal stresses and shrinkage, introduces 
crack/fractures, later on collapse of the burn cavity. 
An exclusive study conducted for rock mass classification in stopes by Extension Fuzzy Method (EFM) in 
Maddhapara Granite Mine, for estimating Pillar strength considering uni-axial compressive strength of rock with 
multiplication factor. The Numerical Modelling is conducted using Finite Element simulation package FLAC 
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2D/3D. The Geological stratigraphy of Maddhapara Hard Rock Mine (close vicinity to the coal basins) confirmed 
through borehole geological survey that the basement is covered with the several formations such as Alluvium, 
Madhupur clay, Dupitila Formation, Tura Formation, Gondwana, Kaoline, Weathered Rock etc. Among them 
Madhupur clay, Kaoline, both are assumed to be impermeable layer. The UCG cavity experiences stress changes 
due to induced stress redistribution as the cavity increases in size and Stress effects due to the thermal response of 
rocks surrounding the cavity. The UCG cavities roof collapse and subsequent development of subsidence is 
influenced by the strength of rocks overlying the coal seam.
2.4 Rainfall and Recharging of Flood water to Aquifer 
The rainfall in Bangladesh depending upon season and location varies from 1500 mm in the west-central part to 
over 3000 mm in the northeast and southeast. The rainy season (June -October) accounts for 70 to 85% of the annual 
rainfall. Almost one-third of the land area of Bangladesh is covered by normal flood and severe flood covers more 
than half of the country. From upstream, surface water flows towards Bay of Bengal, seeped down, accumulates in 
porous strata and underground sub-soil structure in rock layers called “aquifer”. Aquifer is a geological group-
formations  and groundwater reservoirs. The aquifer system generally consists of three lithological units as; (1) an 
upper silty clay and silt layer called the Composite Aquifer, usually 30 to 60 m thick, (2) a middle layer of fine to 
very fine sand called the Main Aquifer about 20 m thick, and (3) a lower layer of fine to coarse sand constituting the 
Deep Aquifer, is about 100 m thick. The water table varied with season and normally found close to ground surface. 
The Deep Aquifer is separated from the overlying main aquifer by one or more clay layers of different thickness 
[18]. UCG operation having a potential risk of contamination/acidification of groundwater by the product gases as 
they pass upwards through production well failure or groundwater interacts with the combustion chamber, leaching 
toxic materials such as phenol and benzene. Through proper site selection and operation management, these aquifer 
contamination can be minimized through optimistic Triple Lock Mechanism as Hydrodynamic Trapping, Pressure-
Arch Trapping, Geochemical Trapping as presented in the Figure-4 [19-22].The water modelling for the UCG sites 
should be done with hydrodynamic property. Detailed study and water modelling documents of Bangladesh are 
available in respective department.
2.5 Surface Subsidence Studies Relating to UCG Activity
The cavity growth 
more or less circular for 
low thickness seam, but 
it is Spherical or 
Ovaloid shaped for 
thick seams.  UCG 
operations creates the 
same nature of surface 
subsidence like the 
underground mining 
but the size and degree 
of collapse  mainly 
administered by the 
mechanical strength of 
the overlying  rocks 
and their properties . 
The collapse of UCG 
cavities can result in 
possible contamination 
of deep aquifers.                                                               Figure-4: Triple Lock Mechanism for UCG site selection [21]
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The degree of severity of surface subsidence depends on cavity size and supporting pillar size of the coal body. 
As the thickness of the coal seams are very high and quiet different from global perspectives. Extensive study
should be conducted through Numerical Modelling and simulation considering the coal seam dimension, overlaying 
capping rock strata.
                                                                         
2.6 Bituminous Coal
The discovered coal reserves are mainly Bituminous/ sub-Bituminous high grade coal. Mathematical model 
calculation shows that the heating value of gas produced from either lignite or  bituminous coal should be lower than 
the heating value of gas from sub-bituminous coal. Bituminous coal contains less volatile matter and therefore, 
produces a lower heating value gas. This is a vital issue for design criteria of UCG development.
2.7 Choosing of Operational Methods, CFD modelling and Analysis of UCG Gasification Process considering 
Hydrological and Geological conditions 
Mainly two aspects are considered for modelling of UCG processes as; (1) Temperature & pressure profiles and 
(2) Cavity growth, subsidence and other mechanical aspects. The combustion gases flow through the coal bodies 
providing environment of endothermic steam-char reaction for producing the combustible gas. The advancement of 
flame propagation and cavity growth is the prime objectives for efficient coal energy recovery. It is also related to 
support pillar calculation, roof collapse, water influx, groundwater contamination, surface subsidence and other 
issues. Considering the ideal cases and influencing factors, the developed numerical models and mathematical 
results were found close matching with the experimental results and real life field test [23-25]. UCG involves 
intimate-coupled multi-physical/chemical processes, occurred in different areas, such as UCG cavity, the deforming 
of coal body, spalling of coal, porous wall zone and the rubble zone, with the thermal-hydrological-geo-mechanical 
processes, water influx, roof collapse, subsidence etc. For detailed study of the UCG cavity growth, Lawrence 
Livermore National Laboratory, USA are developing the 3D UCG simulator (a project sponsored by USA 
government) base on the modelling approach developed by Britten and Thorsness [26-27]. 
Figure 5: Schematic Diagram of Above ground Gas processing facilities and UCG Cavity Growth process [4]
The model predicts decline rates of cavity surfaces and generation rates of major product species that compare 
well with experimental data from two UCG field tests [4]. The numerical models are capable of predicting the 
outcomes. The basic model components for the simulation approach contain the following area as presented in the 
Figure-5 as:
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x Geo-Mechanical Model ( Roof collapse, Subsidence, Stress Changes & Fracturing),
x Boundary Evolution Model ( cavity Growth from wall reactions & Structural failure, Rubble Zone 
Geometry, Roof Movement due to Structural failure ),
x Wall Zone Model ( Reaction & drying,  Heat & Mass Transport, Spallation, Gas & Solid 
Compositions),
x Rubble Zone Model ( Reactions & Drying, Heat & Mass Transport, Gas & Solid Compositions ),
x Thermal-Hydrological Model ( Groundwater Flow & Influx, Pore Pressure Field, Thermal Response),
x Cavity Gas Model ( Reactions & Gas Composition, Heat & Mass Transport, Turbulent Mixing ),
3. Concluding Remarks and Further Works
UCG categorized as an extreme energy process because of its unpredictable operational state, but the experts 
around the globe are claiming that they are ready for harnessing the challenges of this Black Beauty. Controlling of 
physical and chemical mechanisms occurs at UCG are being successfully demonstrated with instrumented 
laboratory experiments. Research organizations /Universities are conducting projects & studies funded by 
government agencies and private business groups. In return the scientist group and experts successfully pointed out 
the relevant issues and their possible solution through Numerical modelling, computer simulation and validated in 
UCG simulator facilities in the laboratory along with real life pilot projects.  UCG is already been accepted as a 
proven clean coal technology, but selection of best technological procedure is a variable function depending on real 
life factors. Bangladesh should raise their facts figure and find out the problems and issues. Later on seeks for 
solutions through reliable engineering design and practices for combating obstacles for commercial operation of coal 
gasification. 
Two critical problems are identified as major setbacks for implementation of the UCG in Bangladesh as land 
subsidence and water inflow/influx. Finite Element study in ABAQUS environment would be conducted for further 
analysis. A 3D thermal-mechanical modelling around UCG cavities can be simulate using the computational 
software ABAQUS. The model would be able to simulate the heat propagation, stress distribution and surface
subsidence in UCG process. Another model would be developed in ANSYS environment for CFD (computational 
fluid dynamics) analysis to investigate the effect of various parameters on the UCG process.
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